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ABSTRACT OF THE DISCLOSURE 
A buffer storage arrangement uses a pair of delay lines 

connected in parallel to increase the overall bandwidth, 
and a clock operates And circuits at the input end and 
the output end of each delay line, the buffer including 
provision for supplying all signals emanating from the 
delay lines to a load device and to a feedback circuit for 
reentry. Signals in the delay lines are recirculated through 
the feedback path except when new intelligence signals 
are substituted, at which time the feedback path is ren 
dered inoperative under the Supervision of a control device. 

rear 

This invention relates to cyclical type buffer storage 
circuits and more particularly to such cyclical buffer stor 
age circuits utilizing delay lines. 

Cyclical buffer storage circuits are used in a wide variety 
of applications, and they are particularly well Suited for 
use in a cathode ray tube type display where video signals 
must be stored and repetitively supplied to the display 
tube. One problem encountered is that of obtaining Sufi 
cient band width for the video signals without undue com 
plexity and a resultant increase in cost. 

It is a feature of this invention to provide an improved 
delay line buffer storage arrangement which is simple in 
construction, reliable in operation and inexpensive to 
manufacture and maintain, yet provide adequate band 
width for the signal frequencies or pulse repetition rates 
involved. 

There is provided according to this invention an im 
proved circuit which includes delay line buffer storage of 
limited band width for making data signals reptitively 
available at a greater band width. An input channel having 
a frequency or pulse repetition rate F is connected Sequen 
tially to the input of two or more delay line buffer storage 
devices N in turn, where N represents the number of Such 
delay line buffer storage devices. The frequency or pulse 
repetition rate through the individual delay line buffer 
storage devices is thus F/N. The greater band width of 
the input channel may be matched by using as many delay 
line buffer storage devices of limited band width as re 
quired. The number of such delay line buffer storage de 
vices used is a function of the band width of the individual 
delay line buffer storage devices. The signals stored in a 
given delay line buffer storage device may be recirculated 
as long as required. The outputs of the delay line buffer 
storage devices may be mixed by sampling each of the 
outputs sequentially. The outputs thus sampled have a fre 
quency or pulse repetition rate F, and these signals may be 
supplied to a load device each time they are recirculated. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the following 
more particular description of a preferred embodiment of 
the invention, as illustrated in the accompanying drawings. 
FIGURE 1 illustrates one embodiment according to 

this invention. 
FIGURE 2 illustrates a timing diagram which is helpful 

in understanding the operation of the embodiment of FIG 
URE 1. 
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In the ensuing description it is arbitrarily assumed that 

the logical circuits illustrated in FIGURE 1 employ posi 
tive logic. That is, the logical circuits are operated by posi 
tive signals, and they are deactivated by negative signals. 
The terms positive and negative are relative, not absolute 
within the context. It is to be understood that in practice 
a logical circuit may in fact be deactivated by a positive 
signal and activated by a more positive signal. Alterna 
tively, a logical circuit may be activated by a negative 
signal and deactivated by a more negative signal. The 
arbitrary use of the terms positive and negative for re 
spectively activating and deactivating the logical circuits 
in FIGURE 1 is done for convenience. 

Referring to FIGURE 1 of the drawing, delay lines 10 
and 11 are labeled respectively Delay Line 1 and Delay 
Line 2. The invention is illustrated with two delay lines, 
but it readily follows from this description that additional 
delay lines may be employed. Information or data signals 
for the delay lines is supplied to either input line 12 or 14. 
Data signals of the binary coded decimal type are supplied 
on the input line 12, and video data signals are supplied 
on the input line 4. Clock signals are supplied continu 
ously on an input line 13. Control signals are applied to 
an input line 15 to control the writing or entry of video 
data signals or binary coded decimal signals to the delay 
lines. Binary coded decimal data signals are passed by an 
And circuit 16, and video data signals are passed by an 
And circuit 17. These data signals are passed only when 
the input line 5 is energized with a positive signal level 
which energization signifies that a write operation may 
take place. Signals on the write line 15 are inverted by 
an inverter 18; and the output therefrom is supplied to an 
And circuit 19. The And circuit 19 is deactivated when 
ever the write line 15 is energized with a positive signal 
level to permit a write operaiton to take place. Data sig 
nals from the And circuits 16 and 17 are supplied through 
an Or circuit 20 to And circuits 21 and 22. A clock pulse 
generator, not shown, supplies clock pulses continuously 
to the input line 13. Alternate clock pulses, designated 
even numbered clock pulses, are supplied to a line 23 
which is connected to the And circuit 21, and the remain 
ing clock pulses, designated odd numbered clock pulses, 
are supplied to a line 24 which is connected to the And cir 
cuit 22. The even and odd clock pulses energize the And 
circuits 21 and 22 in an alternate fashion, and this permits 
the binary code decimal or the video data signals from the 
Or circuit 20 to be supplied alternately through the And 
circuits 21 and 22 to the associated delay lines 10 and 11. 

Data signals supplied to the delay lines 1 and 2 are de 
layed a specified length of time which is determined by 
the length of these delay lines. Signals emanating from 
the delay lines 1 and 2 are supplied to associate And cir 
cuits 25 and 26. The And circuit 26 is controlled by the 
odd clock pulses applied to the line 24, and the And cir 
cuit 25 is controlled by the even clock pulses applied to 
the line 23. The output from the And circuit. 25 and the 
output of the And circuit 26 pass through an Or circuit 27 
to a load device 28. The output of the Or circuit 27 is also 
applied to the And circuit 19 which is conditioned to pass 
these signals to the Or circuit 20 and to the input of the 
delay lines 1 and 2 except when a write operation is tak 
ing place. Thus it is seen that information once supplied 
to the delay lines 1 and 2 continues to recirculate until 
interrupted. If a write operation takes place, old data sig 
nals are replaced by new data signals if the old data 
signals are emanating from the delay lines. 

Reference is made to FIGURE 2 for a description of 
the timing relationships involved. FIGURE 20a) shows 
clock pulses which occur at a pulse repetition rate of F, 
and they are applied to the input line 13 in FIGURE 1. 
The odd clock pulses in FIGURE 2(a) are applied to the 
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line 24 in FIGURE 1, and they are depicted in FIGURE 
2(b) as having a pulse repetition rate of F/2. The even 
clock pulses in FIGURE 20a) are depicted in FIGURE 
2(c) as having a pulse repetition rate F/2, and they are 
applied to the line 23 in FIGURE 1. The odd and even 
clock pulses control the switching operations of data sig 
nals into the delay lines 1 and 2 as well as the switching 
operations for mixing the data signals emanating from 
the delay lines 1 and 2. That is, the clock pulses condi 
tion the And circuits 22 and 26 which thus permit new 
data signals to be supplied to the delay line 1 through 
the And circuit 22, and at the same time data signals 
emanating from the delay line 1 may be supplied through 
the AND circuit 26 and the Or circuit 27 to a load device 
28. Any data signals passing from the delay line 1 are 
not permitted to recirculate if a write operation is taking 
place. More specifically, reentry into the delay line 1 
is prevented by the And circuit 19 which is deconditioned 
if a write operation is in process. During even clock pulses 
the And circuits 22 and 26 are de-energized, and the delay 
line 1 neither receives nor supplies data signals there 
from. When even clock pulses are supplied on the line 23 
FIGURE 1, the And circuit 21 is conditioned to permit 
the passage of new data signals to the delay line 2, and 
the And circuit 25 is conditioned to pass data signals 
emanating from the delay line 2. When an even clock 
pulse is supplied to the line 23, any information signal 
emanating from the delay line 2 is passed through the 
Or circuit 27 to the And circuit 19. If no write operation 
is taking place, the signal supplied to the And circuit 19 
is passed through the Or circuit 20 and the And circuit 
21 to the input of the delay line 2, thereby permitting re 
entry of the data signal taken from the delay line 2. If 
a write operation is taking place at the time a data signal 
from the delay line 2 is supplied to the And circuit 19, 
re-entry of this data signal is inhibited by the output of 
the inverter 18, and a new data signal from either the 
And circuit 16 or the And circuit 17 is permitted to pass 
through the Or circuit 20 and the And circuit 21 to the 
input side of the delay line 2. It is pointed out that the 
data rate through the delay line 1 is F/2 with the data 
signals occurring during the times of the odd clock pulses. 
The delay line 2 has a data rate of F/2 with the data 
signals occurring during the even clock pulses. The delay 
lines and 2 have the same length or period of delay. 
The delay line 1 may have a delay equal to any multiple 
of the period of the odd clock pulses, and the delay line 2 
has the same length or period of delay. 

Let it be assumed for purposes of illustration that a 
binary coded decimal number illustrated in FIGURE 
2(d) is supplied to the input line 12 in FIGURE 1. It is 
arbitrarily assumed that a binary 1 is represented by a 
positive pulse, and a binary 0 is represented by the absence 
of a pulse or ground signal level. As illustrated in FIG 
URE 2Cd), bit one of the wave train applied to the line 
12 in FIGURE 1 is a binary one, and it occurs during an 
odd clock pulse. Let it be assumed further that a positive 
signal is supplied to the write line 15 in FIGURE 1 dur 
ing the period that the wave train is being applied to the 
line 12. Accordingly, bit 1 in FIGURE 2Cd) passes 
through the And circuit 16 in FIGURE 1, the Or circuit 
20 and the And circuit 22 to the input side of the delay 
line 1. Bit 2 of the wave train in FIGURE 2Gd) occurs 
during an even clock pulse, and it is supplied through 
the And circuit 16 in FIGURE 1, the Or circuit 20 and 
the And circuit 21 to the input side of the delay line 11. 
Bit 3 of the wave train is a binary 0 which occurs during 
an odd clock pulse, and it is supplied through the And 
circuit 16, the Or circuit 20 and the And circuit 22 to the 
input side of the delay line 1. Bit 4 of the wave train is a 
binary 1 which occurs during an even clock pulse, and it 
is supplied through the And circuit 16, the Or circuit 20 
and the And circuit 21 to the input side of the delay line 
2. FIGURE 2(e) shows the data signals entered into the 
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4. 
delay line 1, and FIGURE 2(f) shows the data signals 
entered into the delay line 2. As soon as these signals 
pass through the delay lines 1 and 2 and emanate from 
the output side, they are again mixed into a wave train 
as shown in FIGURE 2(g). The signals in the wave train 
FIGURE 20g) are applied to a load device 28, and they 
are passed by the And circuit 19 and the Or circuit 20 
to the And circuits 21 and 22 where they are again Sepa 
rated and applied alternately to the input sides of the 
delay lines 1 and 2 as before. 
Thus it is seen that a novel circuit arrangement is pro 

vided which utilizes two delay lines of limited band width 
to store and retain a wave train of much greater band 
width. While the invention has been illustrated with the 
use of two delay lines, it is readily apparent that addi 
tional band width may be obtained by using a greater 
number of delay lines and dividing the clock pulses ac 
cordingly. For example if three delay lines are em 
ployed, each delay line receives every third clock pulse. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment there 
of, it will be understood by those skilled in the art that the 
foregoing and other changes in form and details be 
made therein without departing from the spirit and scope 
of the invention. 
What is claimed is: 
1. An improved serial storage system for storing and 

reproducing intelligence in serial pulse form characterized 
by an input signal bandwidth and an output signal band 
width each of which exceeds the bandwidth of the individ 
ual delay lines used for storage purposes, such storage 
system including: 

first and second delay lines, 
a first And circuit connected to one end of said first 

delay line, a second And circuit connected to one end 
of said Second delay line, a first Or circuit connected 
to said first and second And circuits, 

a source of intelligence signals connected to said first 
Or circuit, said source of intelligence signals consist 
ing of pulses in serial form, 

a third And circuit connected to the other end of said 
first delay line, a fourth And circuit connected to 
the other end of said second delay line, a second Or 
circuit, said third and fourth And circuits being con 
nected to said second Or circuit, a load device, said 
Second Or circuit being connected to said load device, 

a fifth And circuit connected between said first and 
second Or circuits, 

a clock which provides a source of control pulses, 
means connecting alternate clock pulses to said first 
and third And circuits, thereby to control the time 
at which said first and third And circuits are oper 
ated, means connecting the remaining clock pulses 
to said second and fourth And circuits, thereby to 
control the time by which said second and fourth 
And circuits are operated, 

said source of intelligence signals including sixth and 
seventh And circuits connected to said first Or circuit, 
and means for connecting first data signals to said 
sixth And circuit and second data signals to said 
seventh And circuits, 

means connecting said clock to said sixth and seventh 
And circuits whereby all clock pulses are applied to 
each of said sixth and seventh And circuits, 

an inverter circuit connected to said fifth And circuit, 
and means connecting a control signal to said in 
verter circuit, and sixth And circuit, and said seventh 
And circuit. 

whereby all signals emanating from the first and sec 
ond delay lines are supplied to said load device, and 
they are permitted to recirculate through fifth AND 
circuit and said first and second delay lines and be 
repetitively applied to said load device except when 
signals from said source of intelligence are inserted 
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into said first and second delay lines through said 
sixth and seventh And circuits at which time such in 
serted signals replace any corresponding recirculating 
signals earlier inserted. 

2. The apparatus of claim 1 wherein said means con 
necting a control signal to said inverter circuit conveys 
a signal of one polarity to operate said fifth And circuit 
and a signal of opposite polarity to operate said sixth and 
seventh And circuits. 
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